An elegant approach on the synthesis of graphene on the strong ferromagnetic (FM) material Mn 5 Ge 3 is proposed via intercalation of Mn in the graphene-Ge(111) interface. According to the DFT calculations, graphene in this strongly interacting system demonstrates the large exchange splitting of the graphene-derived π band. In this case only spin-up electrons in graphene preserve the Dirac-electron-like character in the vicinity of the Fermi level and the K point, whereas such behavior is not detected for the spin-down electrons. This unique feature of the studied gr/FM-Mn 5 Ge 3 interface which can be prepared on the semiconducting Ge can lead to its application in spintronics.
The recent progress in the intensive studies of the graphene-metal (gr-M) interfaces placed these systems in the forefront of the 2D-materials and particularly of the graphene-related research [1] [2] [3] . This situation is due to not only the perspectives of the mass-production of the high-quality graphene on metals [4, 5] , but mainly because of the intriguing properties of the graphene-metal interface itself and that different gr-M systems are used as a playground in fundamental studies of the properties of 2D systems and as a basis for the preparation of more complex 2D-based heterosystems [6] [7] [8] . Among the gr-M systems the distinct attention is paid to the graphene-ferromagnet (gr-FM) interfaces and significant understanding of the properties of these systems has been achieved [9] [10] [11] . However, there are some factors which limit the further progress in the fundamental studies and in applications of these interesting objects. For example, the strong interaction at the gr-Ni(111) or gr-Co (0001) interfaces leads to the high degree of the π − 3d hybridization of the valence band states at the interface between graphene and FM metal and, as a consequence, graphene loses its free-standing character and the carriers in the vicinity of the Fermi (E F ) level cannot be described as mass-less Dirac particles [9] [10] [11] [12] . Yet, the same reason causes appearance of induced magnetic moments in graphene [13, 14] . In this case the states at E F , which are significant for the description of the charge and spin transport properties of the junction, mainly have FM 3d character, substantially changing the band dispersion, states character and Fermi velocity of the carriers. Following works demonstrate the possibility to decouple graphene from the underlying FM material via intercalation of different species [2, 3] , giving a route to restore the free-standing character of graphene, however losing the possibility of the induced spin polarization in a graphene layer [15] [16] [17] .
Further progress in the graphene synthesis on different substrates and desire to implement graphene in the modern semiconductor technology led to the recent discovery of the graphene synthesis on the catalytically active semiconducting Ge substrates of different orientations [18] . This and subsequent studies demonstrate that Ge(110) and Ge(111) planes are more suitable for the graphene growth [19] [20] [21] , whereas in case of Ge(001) a significant surface faceting under graphene layer [22, 23] was found limiting further technological processing of the later interface. The recent progress in this area is mainly focused on the studies of the growth mechanism of graphene on Ge surfaces and the studies of the electronic structure of gr-Ge interface or its modification are very rare [21, [23] [24] [25] .
In the present work, we propose the elegant approach to prepare new gr-FM inter-face, namely gr-Mn 5 Ge 3 , which combines several well approved steps used in the graphenerelated studies. We performed density functional theory (DFT) calculations of the latticemismatched gr-Mn 5 Ge 3 (0001) interface in the super-cell geometry and it is computationally shown that in this strongly interacting system the graphene π states undergo strong exchange split leaving only spin-up electrons in the vicinity of E F which preserve the Dirac-electronlike character for the carriers with the linear energy band dispersion. At the same time, for the spin-down electrons a series of localized interface states is formed that strongly reduces the carriers' mobility for this spin channel. Such difference for the electron mobilities can lead to the effective spin-filtering effect in such single-layer graphene-based junction. We believe that the described simple approach, which can be used for the preparation of this gr-FM interface, will be extremely useful in the future studies and applications, where 2D graphene as well as FM and semiconductor materials are included in one heterosystem. Details of DFT calculations and additional data are presented as the Supporting Information.
The preparation of the gr-Mn 5 Ge 3 (0001) interface can be accomplished in two steps (Figure 1) . On the first step graphene is grown via chemical vapour deposition (CVD) or molecular beam epitaxy (MBE) on semiconducting Ge(111). As was demonstrated earlier [18] , in this case graphene is aligned on this surface with the graphene zig-zag edges along the Ge 110 and the arm-chair edges along Ge 112 . On the second preparation step a thin layer of FM metal Mn 5 Ge 3 (0001) can be grown under graphene via well established intercalation procedure, where thin Mn layer is deposited on graphene and then subsequently annealed at the elevated temperature. It is well known that FM Mn 5 Ge 3 (0001) can be epitaxially grown on Ge(111) in the temperature range 300 − 650
• C [26] [27] [28] and it has relatively high Curie temperature of 296 K, which can be increased well above room temperature via chemical doping [29] [30] [31] [32] . Also previous experiments demonstrate the gr/Ge interface is stable at temperatures, at least, up to 800
• C [19, 21, 33] . Thus, the proposed preparation routine can lead to the epitaxial heterostructure consisting of 2D graphene, FM Mn 5 Ge 3 , and semiconducting Ge. The simulated scanning tunnelling microscopy (STM) images of the Mn 5 Ge 3 (0001) surface before and after graphene adsorption are shown in Figure S2 and can be used as a reference for the future experimental studies. The theoretical STM results for the clean surface are in very good agreement with the available experimental and theoretical data [26, 28, 34] confirming the correctness of the approach used in the present study.
Before adsorption of graphene on Mn 5 Ge 3 (0001) the density of states of this material is strongly exchange split (Figure 3a and Figure S3 ). The magnetic moment of the surface Mn-(S) atoms is 3.48µ B , which is larger compared to the value of 3.11µ B for the subsurface Mn-(S-1) atoms, that can be explained by the reduced number of neighbours at the surface and the respective narrowing of the Mn 3d band. Adsorption of graphene leads to the substantial reduction of the magnetic moment of Mn-(S) and Mn-(S-1) to 3.11µ B and 2.98µ B , respectively, which is reflected as the decrease of the exchange splitting of the respective states in Mn-atom projected partial DOS (PDOS) (Figure 3b ). At the same time the π states of graphene become spin polarized due to the presence of the FM Mn 5 Ge 3 substrate (Figure 3c ). The calculated DOS for structure T and magnetic moments for all atoms in the studied systems can be found in Figure S4 , in Table S5 , and in the Supplementary data files.
The space-, energy, and k-vector overlap of the valence band states of graphene and Mn 5 Ge 3 leads to the effective hybridization of these states. At the same time the spin character of these states is also conserved in this process. This can be clearly seen in Figure S6 where large-energy scale band structures of the gr/Mn 5 Ge 3 (0001) interface obtained after the value characteristic for free-standing graphene and which is much higher compared to the value which was extracted for the strongly hybridized states formed at the gr/Co(0001)
interface [11] . Moreover, this spin-up state has a linear dispersion in the energy range of ≈ 1eV around E F that significantly simplifies the energy position control for this state. For spin-down electrons, there is a relatively large gap between E − E F ≈ −1.2eV . . . + 0.1eV at the K point. Above and below this energy window a series of the interface states is formed which was described above. The carriers on these states have very small group velocity due to the relatively large Mn 3d character. All these factors allow us to conclude that the contact of graphene with FM-M 5 Ge 3 will have a strong influence on its spin-transport
properties.
In conclusion, we have discovered a new interface of graphene with strong ferromagnetic material Mn 5 Ge 3 , which valence band states are strongly exchange split. This system can be easily fabricated using two steps preparation routine: CVD or MBE of graphene on the catalytically active Ge(111) surface and then intercalation of Mn in the gr-Ge(111)
interface with the formation of the ordered gr-Mn 5 Ge 3 (0001) interface. Our systematic largescale DFT calculations for this interface demonstrate that graphene is relatively strongly bonded to the FM Mn 5 Ge 3 substrate that leads to the substantial exchange splitting of the graphene π states. It is found that the effect of the spin-conservation during hybridization of the graphene π and Mn 3d valence band states leads to the appearance of the large band gaps in the energy dispersion of the graphene π states for both spin channels. The unique combination of all factors leads to the observation of the only spin-up electrons of graphene at the K point and at E F which conserve the Dirac-electron-like character. At the same time for the spin-down electrons the band gap is found at E F . We expect that our study will stimulate future experimental effort to create graphene-semiconductor and graphene-FM structures and we can expect that the possible 2D graphene -FM Mn 5 Ge 3 -semiconducting Ge systems will be used in the charge and spin transport studies and applications.
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